Abstract:A stand-alone efficient robust photovoltaic (PV)-Electrolyzer Scheme using a PV-Array, a DC-DC buck-boost converter, an Electrolyzer, a hydrogen tank, and an additional Fuel Cell (FC) stack feeding an standalone autonomous load is investigated and validated for efficient energy utilization, voltage stabilization and maximum power point tracking (MPPT) of the PV array under different insolation and temperature variations. The DC-DC Converter by controlled to ensure stable regulated operation. The PV generated power is used to electrolyze water to Hydrogen H 2 and Oxygen O 2 , where hydrogen is stored in a suitably sized tank to be used later for the PEM-Proton Exchange membrane fuel cell (PEMFC). The PEMFC also acts as supplementary energy storage and load balancer to supply dynamic variable load whose value can vary from a minimum of 300W to a maximum of 1Kw. The Hydrogen H 2 flow to the FC depends on the dynamic load variations. The controller is fully regulated for efficient energy utilization as well as voltage regulation. The validated scheme components are modeled using Matlab/Simulink and fully integrated, to assess the unified system dynamic performance under varying conditions.
I. Introduction
The ever-increasing demand for with depleted resources and massive energy consumption in developing countries created a dilemma of rising cost and limited supplies with soaring fossil fuel cost and global environment impact. This created and accelerated increased interest in renewable and alternative green enery/power generation systems. Photovoltaic (PV) power generation is the most promising renewable power generation technologies. The growth of PV power generation systems has exceeded the most optimistic estimation [1] [2] . A significant problem for renewable energy generation system is need for energy storage for supplying the load demand during absence of Sun. Energy storage can be done via batteries such as Cr-Fe, Cd-Ni, lead-acid and vanadium redox flow batteries (VRB), [3] [4] . The VRB is a promising green solution in practical applications [5] , due to the advantages of large scale, simple structure, long life cycle and high SOC. After many technological advances, proton exchange membrane FC technology has now reached the test and demonstration phase. FC also shows great potential as a green power source, in the future because of many merits they have such as high efficiency, zero or low emission of pollutant gases, flexible modular structure and the rapid progress in FC technologies. However, each of the aforementioned technologies has its own drawbacks. For instance, wind and solar power are highly dependent on climate while FC needs hydrogen-rich fuel. Nevertheless, different alternative energy sources can complement each other to some extent. Multisource hybrid alternative energy systems (with proper control) have great potential to provide higher quality and more reliable power to customers than a system based on a single resource, [6] . The dynamic nonlinear Voltage-versus-Current (V-vs-I) characteristic of a PV array, there is a unique maximum power point (MPP) at which the PV operates at its maximum output power. However, the MPP moves under different atmospheric conditions because of the output voltage and current of a PV array vary as the radiation and temperature change. Operating the PV array at its maximum available power increases its efficiency resulting in a decrease in the operating costs. Since, PV arrays are still considered rather expensive compared with the utility fossil fuel generated electricity costs. The PV system owner desires to get maximum power from the PV array and to operate it at its highest conversion efficiency, [7] . In this paper control and management a system composed of a PV array, buck-boost converter, an electrolyzer, a H 2 tank, a proton exchange membrane fuel cell (PEMFC), and a 1Kw variable load is done. Each system component is modeled and integrated to demonstrate the system performance at different Insolation levels and load demand. A dynamic controller is designed and validated for Efficient Energy Utilization, Voltage Stabilization as well as load demand management.
II. System Modeling

PV Array Analysis
The solar cell equivalent circuit is demonstrated by Fig. 1 Assuming: 1-The temperature is constant at 300 o K (i.e. 27 o C).
2-The shunt resistance is too high, and consequently I sh is neglected. 
(2) The model of PV array in Matlab/Simulink software is shown in Fig. 2 . The voltage-current characteristic curves of PV model under different irradiances are given in Fig. 3 . 
DC-DC Converter-Buck-Boost
An ideal Buck-Boost converter is used to interface the PV array source to the electrolyzer Load Cell.
With the assumption of ideal circuit elements, two switched models are shown in Fig 
Electrolyzer
The Electrolyzer is a device that produces hydrogen and oxygen from water. Water-Eelectrolysis can be considered as a reverse process of a hydrogen PEM-fuel cell. 
where Velec,cell is the cell terminal voltage (in volts),
Vrev is the reversible cell voltage, r 1 (in ohms square-meter) and r2 (in ohms square-meter per degree Celsius) are the parameters for the ohmic resistance inside the electrolyzer, k elec (in volts), k T 1 (in square meters per ampere), k T 2 (square-meter degrees Celsius per ampere), and k T 3 (square-meter degree Celsius square per ampere) are the parameters for the overvoltage, A is the area of the cell electrode (in square-meters), I is the electrolyzer current (in amperes), and T is the cell temperature (in degrees Celsius). The V-I characteristics of the electrolyzer model used in this study at different cell temperatures are given in Fig. 7 . At a given current, the higher the operating temperature, the lower is the terminal voltage needed. According to Faraday's law, hydrogen production rate for an Electrolyzer cell is directly proportional to the electrical current in the equivalent Electrolyzer circuit [16] . (9) and (10), a simple electrolyzer model is developed using Simulink. 
Hydrogen Storage Tank (HST) Modeling
Physical hydrogen storage is one of the storage techniques that use tank to store compressed hydrogen. The model of HST is described according to equation (11), [17] and using the ratio of hydrogen flow to the tank, directly obtained the tank pressure. 
where CO 2 is the oxygen concentration rate on the catalyst surface. Concentration polarization shows voltage drop due to reduction in density of reaction materials which is called mass transport losses. To determine voltage drop model due to mass transport, maximum current density must be gained (J max ). Voltage drop corresponding to mass transport can be calculated by [20] : 
III. Power Management
An overall control strategy for power management among PV array with buck boost converter, electrolyzer and Hydrogen tanks PEMFC and variable load is designed. Fig. 8 shows the block diagram of the overall control strategy for the proposed system. PV electricity generation unit controlled for voltage regulation controller. 
IV. Digital Simulation Results and Discussion
System input data includes load electricity demand and solar radiation during 24 h. A load varying between 300W and 1kW along 24 hours is assumed. The demand of load electricity during 24 h is depicted in Fig. 9 . The rates of hydrogen production by EL, consumed hydrogen by PEMFC and stored hydrogen in HST are shown in Fig. 10. Figures 9 and 10 demonstrate the hydrogen consumed by the distributed load during the night (from 12:00 AM till 6:30 AM). As the sun rises it is clear that the amount of stored hydrogen that is consumed by the load decreases, while the hydrogen level in the tank is increasing. This increase in hydrogen level continues until 5:00PM, after which as the insolation level decreases, the H 2 level in the tank starts decreasing while supplying the load demand. Fig. 11 shows the simulation system. Fig. 12 shows the insolation level with change from low to high at t=0.1 sec and change from high to low at t=0.15 sec. While, Fig. 13 shows the simulation results of voltage and current of photovoltaic at change in insolation level. It shows the controller performance as described in equation (3). 
IV. Conclusion
An efficient regulation and control system for Power/demand load regulation of the flow of power generated by PV array to supply a variable load demand is designed. To ensure continuous supply of load, storage system is designed. The H2-storage system consists of an Electrolyer, H 2 tank with PV source and Fuel Cell storage and backup energy fuel cell. Maximum power utilization using the PV-MPPT based voltage regulator is fully validated under varying condition. Unified System components are modeled, and dynamic simulation results validated the robustness and damping behaviour under varying insolation and load conditions. He proposed scheme can be extended to PV Farm Utilization and Village/Island/Village Electricity. 2347 -5013(print) Volume No.4, Issue No.3, pp : 145 -150 01 March. 2015 
